Association of milk production level and milk urea content with date and effi ciency of fi rst insemination service in cows. The aim of the study was to analyse the association between milk yield, fi rst insemination date and effi ciency of the fi rst insemination service in cows. The experiment involved 391 Polish Holstein-Friesian cows (Black-and-White type), which were used in the years 2011-2016 on a farm located in the Małopolska region. Cows that had completed their fi rst three lactations were selected for the study. Animals were kept in a loose-housing system and fed total mixed rations (TMR). For each cow, data on whole lactation and 305-day lactation milk yields were obtained from milk recording reports. Milk urea content was also observed for the fi rst three test-day yields of the cows in each lactation. Furthermore, the number of days from calving to fi rst insemination as well as effi ciency of the fi rst insemination were noted. Whole milk yield of lactation averaged 11,900 kg and milk urea content ranged from 161 mg/l in the fi rst lactation to 198 mg/l in the third. The number of days from calving to fi rst insemination was 75, 81 and 80 in the fi rst, second and third lactation, respectively. Effi ciency of the fi rst insemination service averaged 19.83% and showed a downward trend. It was highest (22.13%) in the fi rst and lowest (15.17%) in the third lactation. Positive correlations were observed between milk yield level and number of days from calving to fi rst insemination; the highest coeffi cient of correlation (r = 0.16) was calculated for the fi rst lactation and it was highly signifi cant. The correlation coeffi cients between milk yield and effi ciency of the fi rst insemination service were generally very low (from -0.06 to 0.06) and statistically insignifi cant. Likewise, the coeffi cients of correlation between the cows' milk urea content and fi rst insemination date and success were very low and statistically insignifi cant. In summary, it is concluded that the increasing milk yield of the cows delayed the date of fi rst insemination. Effi ciency of the fi rst insemination service was very low, but one of the possible reasons were estrus detection errors.
INTRODUCTION
Many studies (Hommeida et al. 2005 , Horan et al. 2005 , Bogucki et al. 2007 , Kawashima et al. 2007 , Piccand et al. 2011 , Ntallaris et al. 2017 ) demonstrate that as milk yield increases, reproductive parameters deteriorate in cows. This applies in particular to the fi rst stage of lactation. Kawashima et al. (2007) observed a faster rate of increase in milk yield from one to three weeks of lactation in non-ovulating cows compared to those that ovulated in early lactation. Piccand et al. (2011) observed that Brown Swiss cows, which produced less milk during the fi rst 100 days of lactation compared to New Zealand Holstein--Friesian cows, had a shorter interval between calving and the onset of ovarian luteal activity. A negative energy balance in early lactation, especially in Association of milk production level and milk urea content with date and effi ciency of the fi rst insemination service in cows ZYGMUNT GIL, KRZYSZTOF ADAMCZYK, JUSTYNA ŻYCHLIŃSKA--BUCZEK, JOANNA POKORSKA Faculty of Animal Sciences, University of Agriculture in Krakow high-yielding cows, is considered one of the reasons for negative correlations between the milk yield level and reproductive parameters (Butler 2003 , Reist et al. 2003 , Wathes et al. 2007 , Kawashima et al. 2017 . Kawashima et al. (2016) observed lower energy status in non-pregnant cows compared to those that became pregnant in early lactation. This status was also found to be related to conception at fi rst artifi cial insemination. Reist et al. (2003) , who made use of several metabolic, hormonal and energy status indicators, also showed a correlation between the energy balance and conception results at fi rst insemination.
One of the most objective indicators of a cow's energy balance is blood glucose concentration (Drackley et al. 2001 , Greenfi eld et al. 2000 , Reynolds et al. 2001 , Reynolds et al. 2003 , Ntallaris et al. 2017 ). However, this indicator has to be determined in a laboratory. Normally, dairy breeders obtain information about energy status of the cows from their body condition. Other information available to breeders is the milk urea content, which is provided in milk recording reports. Because the urea content refl ects the protein to energy ratio, it can be used to assess if a cow's ration is balanced with respect to energy content (Guliński et al. 2015) .
The aim of the study was to analyse the association between milk yield, fi rst insemination date and effi ciency of the fi rst insemination service in cows.
MATERIAL AND METHODS
The study was performed on a farm located in the Małopolska region and involved 391 Polish Holstein-Friesian cows (Black-and-White type), which were used in 2011-2016. Cows that had completed their fi rst three lactations were selected for the study. Animals were kept in a loose--housing system and fed total mixed rations (TMR) according to the cow's dietary needs resulting from the lactation phase (daily milk yield). For each cow, the following information was obtained from milk recording reports:
number of milking days in whole lactation, whole lactation and 305-day lactation milk yields (kg), milk urea content in the fi rst three test-day yields in each lactation. Milk urea content was determined according to the standard PN-EN ISO 14637:2008.
The number of days from calving to fi rst insemination for each cow as well as effi ciency of the fi rst insemination success in different lactations were also extracted from breeding records.
Descriptive statistics were performed on data by lactation. Pearson's correlation coeffi cients (for normally distributed data) and Spearman's correlation coeffi cients (for data in which effi ciency of the fi rst insemination service was considered) were also calculated (coeffi cients' signifi cant at least at P < 0.05).
Statistical analyses were performed using Statistica ver. 12.5. Table 1 presents data for the cows' milk yield, milk urea content and number of days from calving to fi rst insemination. The average milk yield for the fi rst three --- complete lactations (11,900 kg) is considered high, as is the 305-day lactation milk yield of 11,121 kg. This yield increased with each lactation and peaked in the third lactation. Milk urea content was within standard limits and ranged from 161 mg/l in the fi rst lactation to 198 mg/l in the third. According to Guliński et al. (2015) , the optimum milk urea content for cows should be in the range of 150-250 mg/l. The number of days from calving to fi rst insemination averaged 78 for the fi rst three lactations. It was lowest (75) in the fi rst lactation and highest (81) in the second. In a study by Sawa et al. (2011) with more than 19,000 Holstein-Friesian cows, the number of days from calving to fi rst insemination averaged 94. Bogucki et al. (2007) concluded that reproductive rest period should be increased with increasing milk yield of the cows. Table 2 contains data pertaining to conception at fi rst artifi cial insemination. First insemination success averaged 19.83% and showed a downward trend. It was highest (22.13%) in the fi rst lactation and lowest (15.17%) in the third. Royal et al. (2000) report that in Great Britain, fi rst service conception rate declined from 55. 6% in 1975-1982 to 39.7% in 1995-1998 as a result of increased milk yield. However, such low conception rates obtained in their study could have resulted, among others, from estrus detection errors. In a study by Sawa et al. (2011), fi rst insemination success averaged 50.4% and decreased with increasing milk yield of the cows. Table 3 shows the coeffi cients of correlation between the cows' milk yield and milk urea content. Overall, negative correlations were found for three complete lactations, and a statistically signifi cant correlation (-0.09, P < 0.05) was calculated for the urea content of the fi rst testday milk. The correlation coeffi cients in Table 3 differ from the results of other authors. Positive correlations between the cows' milk yield level and milk urea content were observed by Rzewuska and Strabel (2013a, b) . Similar fi ndings were reported by Guliński et al. (2008) and Sawa et al. (2010) . Table 4 contains the coeffi cients of correlation between milk yield and fi rst insemination date and success. Except for the third lactation, positive correlations were noted between milk yield level and number of days from calving to fi rst insemination. The highest (r = 0.16; P < 0.01) and highly signifi cant coeffi cient of correlation was calculated for the fi rst lactation, which means that the increase in milk yield delayed the date of fi rst insemination. Similarly, Bogucki et al. (2007) showed that reproductive rest period increased from 68 to 117 days with increasing milk yield. The correlation coeffi cient between the milk yield The coeffi cients of correlation given in Table 4 between milk yield and fi rst insemination success were very low (from -0.06 to 0.06) and statistically insignifi cant. They lead us to assume that the low success at fi rst insemination could be due to estrus detection errors. Table 5 provides the coeffi cients of correlation between milk urea content Urea content 1 -milk urea content in the fi rst test-day yields in each lactation; Urea content 2 -milk urea content in the second test-day yields in each lactation; Urea content 3 -milk urea content in the third test-day yields in each lactation; the relations between urea content and date of fi rst insemination were shown as Pearson's correlation coeffi cients; the relations between urea content and effi ciency of the fi rst insemination service were shown as Spearman's; coeffi cient signifi cant at: * -P < 0.05; ** -P < 0.01.
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